Radiosensitization of high-grade gliomas through induced hyperthermia: Review of clinical experience and the potential role of MR-guided focused ultrasound.
High-grade gliomas (HGGs) are aggressive primary brain tumors that confer poor prognoses. Despite aggressive combined modality treatment, HGGs invariably recur. Considerable research efforts and resources have focused on identification of novel therapies for HGGs; however, standard treatments have not changed significantly in more than 10 years, since the introduction of concurrent chemoradiation therapy with temozolomide. Hyperthermia (HT) has been shown to enhance the efficacy of radiation treatment (RT) in numerous cancer types through multiple mechanisms, including impairment of DNA repair pathways, increased perfusion/oxygenation of tumors, and immune system activation. In the 1980s and 1990s, the combination of HT with external-beam RT and interstitial brachytherapy was extensively evaluated in HGG, culminating in a randomized controlled trial that demonstrated superior survival in patients receiving combined HT and RT. However, HT was not adopted into common practice for HGG because of the need at that time for invasive implantation procedures, challenges to monitoring and maintaining a homogeneous, localized temperature elevation within the tumor tissue, as well as other technical and logistic challenges. Magnetic resonance imaging-guided focused ultrasound (MRgFUS) is a relatively new technology in clinical use that is capable of highly accurate transcranial HT and has the potential to overcome many of the limitations faced in previous trials combining HT and RT in HGG. In this review, we detail and compile the previous clinical results of combined HT and RT in HGG patients. We also introduce and discuss the potential of MRgFUS as a noninvasive method for HT to radiosensitize HGG.